Compregnated sesenduk (Endospermum diadenum) was produced using low and medium molecular weight phenol formaldehyde resin. 0, 1, 1.5 and 3 % of aqueous ammonium hydroxide (NH 3 ÁH 2 O) were incorporated into the resin to act as formaldehyde scavenger. A maximum of 85.7 % reduction in formaldehyde emission was recorded, but the mechanical and physical properties of the treated sesenduk wood were negatively affected by the ammonium hydroxide addition.
Introduction
Sesenduk (Endospermum diadenum) has a great potential to substitute high density wood that is now facing depletion owing to its abundance in Malaysia's secondary forest. Nevertheless, impregnation modification using phenolic resins, for example, is needed to improve its poor inherent characteristics (Lee and Zaidon 2015) . However, one of the drawbacks of using phenolic resins is its high emission of formaldehyde, especially for low molecular weight phenol formaldehyde (LmwPF) resin. Therefore, addition of formaldehyde scavenger is necessary in order to reduce the formaldehyde emission. Ammonium hydroxide has been used as catalyst in the synthesis of phenol formaldehyde (PF) resin for many years (Shafizadeh et al. 1999) . Theoretically, in excessive, this catalyst is able to react with free formaldehyde in the resin and act as formaldehyde scavenger. To the authors' knowledge, there is little or no study about the effects of incorporation of ammonium hydroxide into PF resin on formaldehyde emission and properties of compregnated wood. Therefore, this paper presents the effects of ammonium hydroxide addition on formaldehyde emission and properties of the compregnated sesenduk wood.
Materials and methods
Sesenduk (E. diadenum) woods with air-dried density ranging from 385 to 423 kg/m 3 were collected from a local forest in Selangor, Malaysia. The sesenduk wood was cut into wood strips with nominal dimensions of 150 mm length 9 50 mm width 9 5 mm thickness. Low molecular weight phenol formaldehyde (LmwPF, mw 600) and medium molecular weight phenol formaldehyde (MmwPF, mw 2000) with concentration of 15 and 20 %, respectively, were used as treating solution. These resins were specially synthesized at Malayan Adhesive Chemical (MAC), Shah Alam. 0, 1, 1.5 and 3 % of aqueous ammonium hydroxide (NH 3 ÁH 2 O) based on solid PF weight was incorporated into the resin to act as formaldehyde scavenger. The wood strips were impregnated in a vacuum pressure apparatus for 30 min with an external pressure of 689 kPa. Once the impregnation process was completed, the treated strips were pre-cured in an oven at 65 ± 2°C for 6 h. Next, the precured strips were pressed using hot press at 150 ± 2°C for 30 min to achieve 80 % compression ratio (CR). Compregnated samples were then conditioned in conditioning room at 25 ± 2°C and 65 ± 2 % RH until constant weight was achieved prior to properties evaluation. Formaldehyde emission test was conducted in accordance with Malaysian Standards: Wood-based panels-Part 15: Determination of formaldehyde emission-Dessicator method (MS 1787 : Part 15: 2005 . Properties such as weight percent gain (WPG), thickness swelling (TS) and water absorption (WA) were determined. Static bending, modulus of rupture (MOR) and modulus of elasticity (MOE) tests were performed according to procedure specified in British Standard BS 373: 1957 with a modification of the specimen sizes. Five samples from each treatment combination and five samples from control were evaluated. The data were analyzed using statistical package for the social sciences (SPSS) procedure for the analysis of variance (ANOVA) at 95 % confidence level (P B 0.05). Tukey's honest significant difference tests were then used to further determine the significant level of average values for each treatment. Pearson's correlation was performed to measure the strength of the association between the two variables.
Results and discussion
Formaldehyde emission values of the treated sesenduk wood are tabulated in Fig. 1 . From the results, reductions of 76.0-85.7 % in the formaldehyde emission were shown in the samples treated in the presence of ammonium hydroxide. Generally, the LmwPF-treated wood had higher formaldehyde emission compared to that of the MmwPFtreated wood, since the LmwPF itself contains a substantial amount of methylol groups in the oligomeric chains. The reduction of formaldehyde emission increased along with increasing dosage of ammonium hydroxide used. The possible theory of the reduction of formaldehyde emission is shown in the equations below.
Ammonium hydroxide, also known as ammonium solution, is a solution of ammonia in water. In aqueous solution, ammonia deprotonates a small fraction of the water to give ammonium and hydroxide ion according to the following equilibrium:
These ammonium ions then react with formaldehyde to form hexamethylenetetramine salt and strong acid (Eq. 2).
Acidic hexamethylenetetramine salt and hydrogen ion produced from Eq. 2 can react with basic, unreacted ammonia as shown in Eqs. 3 and 4, respectively, and the reaction was called neutralization reaction.
Ammonium ions produced from reaction (3) and (4) react with free formaldehyde in a repeated cycle (reactions 2-4) until all of the ammonium ions were converted. In this way, the free formaldehyde presented in PF resin was reduced and led to lower subsequent emission. Apart from that, reduction in formaldehyde emission might be caused by the fact that there is an increase in the alkali content in the resins after the addition of ammonium hydroxide. The pH values of 15 and 20 % MmwPF (8.9 and 8.8, respectively) raised to 9.4 and 9.3, respectively. Meanwhile, 15 and 20 % LmwPF with initial pH values of 8.3 and 8.2, increased to 8.9 and 8.7, respectively indicating an increase of the alkali content in the resins. Christjanson et al. (2010) reported that higher amount of alkali promoted a complete binding of formaldehyde in the synthesis and subsequently resulted in a high content of free formaldehyde vanished from the PF resins. They suggested that this phenomenon was caused by the accumulation of the additional negative charge due to the formation of the quinone structure, which 49.53 ± 5.48bc
5.48 ± 1.42bcdef
Means followed by same letters in the same column are not significantly different at P had enhanced the functionality of the para position to the hydroxyl group. Table 1 shows the average values of WPG, density, MOR, MOE, WA and TS of sesenduk wood treated using different phenolic resins and concentrations. According to Table 1 , one can see that the properties of sesenduk wood decreased as the dosage of ammonium hydroxide increased. In contrast, the properties of the sesenduk wood improved along with increasing PF concentration. Significant correlations were found between resin type and all of the attributes of treated sesenduk wood, indicating that LmwPF resin bestowed better properties to the treated wood in comparison to MmwPF resin. Shams and Yano (2011) suggested that the short chain and lower viscosity of LmwPF contributed to the achievement of the highest WPG and properties of the wood. With WPG as an exception (r = 0.231), no significant correlation was found between PF concentration and other dependent variables. Ammonium hydroxide dosage was found to exert significant influences on WPG (r = -0.288), MOR (r = -0.24), MOE (r = -0.341) and TS (r = 0.348) of the sesenduk wood. The decreases in the mechanical and physical properties can be explained by the increases in molecular weight of PF resin after addition of ammonium hydroxide. Addition of ammonium hydroxide to PF resin might have increased its molecular weight and this led to an increase in viscosity, which in turn resulted in poor penetration into wood (Scheikl and Dunky 1996) . Another probable explanation is the reduction of free formaldehyde due to part of the free formaldehyde reacting with ammonium ions had lowered the degree of branching and crosslinking in the hardened network. Formaldehyde is an essential partner for phenol during the condensation as well as curing reaction to eventually form a hard-cured, highly branched structure. Greater amount of free formaldehyde in the resin could boost the hydroxymethyl content that facilitates higher degree of crosslinking among the resin prepolymers and produces more networked macromolecules (Hu et al. 2015) . Therefore, lower branching and crosslinking inevitably resulted in lower cohesive bonding strength and led to poorer properties of the treated wood.
Conclusion
The presence of ammonium hydroxide in PF resin was able to reduce formaldehyde emission from compregnated sesenduk wood. A maximum of 85.7 % reduction of formaldehyde emission was recorded when 3 % of ammonium hydroxide were added to PF resin. Nevertheless, the threshold limit for the addition of ammonium hydroxide is 1.5 %, any addition beyond this limit did not bring significant reduction in formaldehyde emission but adversely affected the mechanical and physical properties. Increase in alkali content might have caused the disappearance of the free formaldehyde in the resins, which brought about lower formaldehyde emitting from the treated wood. Unfortunately, the degree of crosslinking was adversely affected by the reduction of free formaldehyde. Therefore, the amount of formaldehyde scavenger added to the resin must be carefully controlled.
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